Light-dependent modulation of ribulose-1,5-bisphosphate carboxylase/oxygenase activity in the genus Phaseolus.
Modulation of the activity of ribulose-1,5-bisphosphate carboxylase/oxygenase (Rubisco) in low light and darkness was measured in A) 25 genotypes from the four cultivated species of Phaseolus (P. vulgaris, P. acutifolius, P. lunatus and P. coccineus), B) 8 non-cultivated Phaseolus species, and C) the related species Macroptileum atropurpureum. The activity ratio of Rubisco (the ratio of initial and total Rubisco activities, which reflects Rubisco carbamylation), and the molar activity of fully-activated Rubisco (which primarily reflects the inhibition of Rubisco activity by carboxyarabinitol 1-phosphate, CA1P) were assayed in leaves from the cultivated species sampled at midday in full sunlight, in low light at dusk (60 to 100 μmol photons m(-2)s(-1)), and after at least 4 h in darkness. Dark inhibition of Rubisco molar activity was compared in both cultivated and non-cultivated species. In all cultivated genotypes, a significant reduction of the activity ratio of Rubisco was measured in leaves sampled at low light; however, the molar activity of fully activated Rubisco was not greatly reduced in these low light samples. In darkened leaves, molar activities substantially declined in most Phaseolus species with 11 of 13 exhibiting greater than 60% reduction. In P. vulgaris, the reduction of molar activity was extensive (greater than 69%) in all genotypes studied, which included wild progenitors as well as ancient and advanced cultivars. These results indicate that at low light late in the day, modulation of Rubisco activity is primarily through changes in carbamylation state, with CA1P playing a more limited role. By contrast in the dark, binding of CA1P dominates the modulation of Rubisco activity in Phaseolus in a pattern that appears to be conserved within a species, but can vary significantly between species within a genus. The degree of CA1P inhibition in Phaseolus was associated with phylogenetic affinities within the genus, as the species with extensive dark-inhibition of Rubisco activity tended to be more closely related to each other than to species with reduced inhibition of Rubisco activity.